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Radiographic assessment of the biliary tract is often essential in patients who have undergone liver transplantation. T-or straight·tube cholangiography, percutaneous transhepatic cholangiography, and endoscopic retrograde cholangiography all may be used. A total of 264 cholangiograms in 79 adult liver transplant patients (96 transplants) was reviewed. Normal radiographic features of biliary reconstructive procedures, including choledochocholedochostomy and choledochojejunostomy, are demonstrated. Complications diagnosed by cholangiography included obstruction, bile leaks, and tube problems, seen in eight, 24, and 12 transplants respectively. Stretching and incomplete filling of intrahepatic biliary ducts were frequently noted and may be associated with rejection and other conditions. Transhepatic biliary drainage, balloon catheter dilatation of strictures, replacement of dislodged T-tubes, and restoring patency of obstructed T· tubes using interventional radiologic techniques were important In avoiding complications and additional surgery in selected patients.
The first human liver transplant was performed by Starzl in 1963 [1] . One hundred eighty-four patients received transplants by his Denver surgical team over the 18-year period up to 1980 [2] . As survival rates have improved, the number of liver transplants performed each yea~ has steadily increased. At the University Health Center of Pittsburgh, 175 patients received 226 orthotopic liver transplants from 1981 to 1984.
During the early years of liver transplantation, biliary drainage was usually achieved by choIecystoduodenostomy without T-tube [3] . Postoperative cholangiography was infrequently performed because of a lack of easy tube access to the biliary tree. Moreover, percutaneous transhepatic cholangiography (PTC) was little used before the introduction of the Chiba needle, and endoscopic retrograde cholangiography (ERC) was not widely available_ Hyperbilirubinemia and elevated liver function tests in the posttransplant patient were often asSUmed to be due to liver rejection [4] . Treatment consisted of increased immunosuppressive therapy. However. hepatic dysfunction was often later found to be the result of biliary obstruction. Thus, in the Denver series, 25% of the first 59 transplanted patients with a cholecystoduodenostomy were found to be obstructed [4] . lklfortunately, obstruction was usually diagnosed only at delayed reoperation or autopsy.
Today, a biliary tract complication is one of the primary initial diagnostic considerations in the liver transplant patient with an abnormal postoperative course. The current practice of using T or straight tubes in biliary reconstruction and the ready availability of PTC and ERC have resulted in cholangiographic studies being one of the first steps in the evaluation of such patients. Cholangiography permits the easy identification of several biliary complications, including obstruction, bile leaks, and tube malfunction, which may require early surgical intervention. In selected cases, therapeutic interventional radiologic techniques may be used. obviating additional surgical procedures. We report our experience with operative and postoperative 
Results
Cholangiography
Complications observed at cholangiography were obS~ tion. bile leakage. and malpositioned and obstructed T·t1tJI!5 Note donor s and recipient 5 cvstlC duct remnants (arrowheads) e, Transhe· moderate to marked degree in 18 transplants and to a lesser degree in several others.
Interventional Radiology
Transhepatic catheter drainage was initially used to treat five of the eight patients with biliary obstruction, This included the two patients with a stricture in the donor's common hepatic duct. Both were further successfully treated by transhepatic balloon catheter dilatation ( fig. 4B ). They continue to do well Sand 20 months after treatment. One patient with a choledochocholedochostomy stricture was also treated by balloon dilatation, In another patient with a choledochocholedochostomy stricture whose original transplant was done for cholangiocarcinoma, a transcatheter brush biopsy was first T-tube malfunction due to blockage by biliary sludge octechniques, changes in patient selection, the use of the immunosuppressive drug cyclosporine, and better postoperative care are among the most important [5, 6] . One element of postoperative care that has evolved is the frequent use of cholangiography [3, 7, 8] .
J patients. Under fluoroscopic guidance, passage of gu .s through the tubes easily reestablished patency.
DISCUSSion
The increased success rate of liver transplantation over the last 20 years is due to many factors. Improved surgical ....
bilirubin or liver function test levels, obstructive symptoms associated with clamping the T-tube, bile drainage from the tube insertion site, wound, or surgical drains. and signs and symptoms of cholangitis. In addition, routine T-tube cholangiograms are generally obtained before tube removal. At our center, the procedure of choice for biliary reconstruction in patients with normal native bile ducts is an end-to-end anastomosis of the donor's and recipient's common bile ducts (choledochocholedochostomy). 80th gallbladders are removed. Occasionally. the biliary'anastolilosis is performed between the donor's common bile duct the recipient's common hepatic duct. Cholangiography in these patients often demonstrates the two cystic duct remnants ( fig. 1 B) . The anastomosis may appear as a minor ringlike narrowing ( fig.  1 B) or a change in caliber between two dissimilar-sized ducts, or may not be radiographically evident.
Depending on the size and quality of the bile ducts, a T or straight tube is used to stent the anastomosis ( fig. 1) . A Ttube stent is preferred because it permits direct monitoring of the quality and quantity of the bile output and provides easy access to evaluate the biliary tree. AT-tube stent is usually inserted through a choledochotomy in the recipient's common bile duct ( fig. 1 A) . to avoid possible interference with the donor duct blood supply. Rarely, the T-tube is inserted through the recipient's or donor's cystic duct remnant. In patients with straight internal stents. evaluation of the biliary tree is accomplished by PTC or ERC ( fig. 10) .
In cases where the recipient's duct is not available or is abnormal (sclerOsing cholangitis, cholangiocarCinoma), an end-to-side anastomosis of the donor's common bile d\.ACt to a Roux-en-Y loop of jejunum is performed (choledochojejunostomy). In most cases, an internal straight tube is placed to stent the anastomosis ( fig. 2A) . Evaluation of the biliary tree in these patients can be accomplished only by PTC ( fig.   28 ). AT-tube through a choledochotomy is not routinely used in this setting, to avoid possible interruption of the donor duct blood supply. In some patients, however, the T-tube can be inserted directly through a widely patent cystic duct remnant ( fig. 2C) . Cholangiography is then easily performed directly An altemative surgical approach for biliary reconstruction consists of using the donor's gallbladder as a pedicle graft between the donor's and the recipient's common bile ducts [9J (fig. 3A) . In this way, the largest possible anastomoses can be fashioned from the obliquely cut duct ends. This technique may also be used where there is a marked disparity in size of the two ducts or where the ducts are too short to permit direct duct-to-duct anastomosis. In patients without a normal common bile duct (e.g., sclerOSing cholangitis), the distal anastomosis is made with a Roux limb of Jejunum ( fig  3B) . A T-tube is inserted through a cholecystotomy with the :r--tube limbs stenting the proximal and distal anastomoses. At our center, biliary reconstruction by a gallbladder pedicle graft is not routinely performed.
In patients whose operation is complicated by excessive blood loss, technical difficulties, or instability of the patient.
biliary reconstruction may be postponed [10] . Instead, temporary extemal biliary drainage is established by tube ch0le-cystostomy or choledochostomy. Final biliary reconstructior is generally accomplished at a second operation. If biliary obstruction is diagnosed by cholangiography prompt treatment is initiated. The preferred initial step in OU' five patients with bile duct strictures was transhepatlc catheter drainage. Two patients with common hepatic duct stne tures were further successfully treated by balloon catheter dilatation. These strictures occurred in the donor's biliary tree above the anastomosis. The cause is speculative but ~ thought most likely to have been ischemia. As demonstratec in one of our patients. the late development of a bili81) stricture In a patient receiving a transplant because of chola n giocarcinoma should be evaluated for possible recurrent eM' cinorna.
Bile leakage can be an especially serious clinical pr()blel1
as there is a significantly higher risk of infection in immlJllO suppressed patients. Leakage generally occurs at the ch<JI€ dochotomyor at the bile duct anastomOSis. Most leaks wet' minimal, usually extending from the choledochotomy 8100 the T -tube tract, and resolved without intervention. Howe ve
